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1
$z=(z_{1}, \ldots, z_{n})$ $z^{2}= \sum_{j=1}^{n}z_{j}^{2}=0$ . $e^{-i\langle z,t\rangle}$









[1], [2], [6], [9], [10], [14] .
[2] [10] , Dirichlet
.
$B_{n}=\{t\in \mathrm{R}^{n};|t|=(\Sigma_{j=1}^{n}t_{j}^{2})^{1/2}=1\}$ $\mathrm{R}_{t}^{n}$ , $u(t)\in$
$\mathrm{C}^{0}$ (B-\mapsto t $B_{n}$ . Dirichlet { $v\in \mathrm{C}^{0}(S^{n-1})$ .
$V= \{z\in \mathrm{C}^{n}; z^{2}=\sum_{j=1}^{n}z_{j}^{2}=0\}$ , $V$ smooth locus $V\backslash \{0\}$ (
$[V]$ . $\text{ }[1/z^{2}]-$ [4] [8]
$[V]=(2\pi i)^{-1}\text{ }[1-/z^{2}]\wedge d(z^{2})$ .
$y={\rm Im} z$ .
$n=2$ {
$u(t)=[V]$ .–$16\pi^{2}-1v(y/|y|)(2e^{-i<z,t)}-1)e^{i<z,y/|y|\rangle}$ $|y|$ , $t\in B_{2}$
. .
$n=3$ {
$u(t)=[V]$ . $\frac{1}{4\pi^{2}}(2-\frac{1}{|y|})v(y/|y|)e^{-i\langle z,t-y/|y|\rangle}$ $($ $|y|)^{2}$ , $t\in B_{3}$
.




$u(t)=[V]$ . $\frac{i}{6\pi^{3}}(1-\frac{1}{|y|})v(y/|y|)e^{-i\langle z,t-y/|y|\rangle}$ $($ $|y|)^{3}$ , $t\in B_{4}$
. .
$n\geq 5$
$u(t)=[V]$ . $(A_{n}+ \frac{B_{n}}{|y|})$ v(y/lyDe-i(z,t-y/lyl $\rangle$ ( lyDn-l, $t\in B_{n}$
$A_{n}\text{ }$ $B_{n}$ , .
2
$\mathrm{C}_{z}^{4},$ $z=(z_{1}, z_{2}, z_{3}, z_{4})$ , ( 1 ‘ , $V=\{z\in \mathrm{C}^{4};z^{2}=z_{1}^{2}+z_{2}^{2}+z_{3}^{2}+z_{4}^{2}=0\}$
. .
V( smooth locus ) $[V]$
.
$.x_{j}={\rm Re} z_{j},$ $y_{j}={\rm Im} z_{j}(1\leq j\leq 4),$ $x=(x_{1}, x_{2}, x_{3}, x_{4}),$ $y=(y_{1}, y_{2}, y_{3}, y_{4})$
. $z^{2}=|x|^{2}-|y|^{2}+2i\langle x, y\rangle=0$ [ $|x|-|y|=\langle x, y\rangle=0$
. $y\neq 0$ , $x$ $S^{2}$
. $S^{2}$ $S^{1}\cross I$ .




$V$ $\mathrm{R}_{y}^{4}\cross S_{\theta}^{1}\cross I_{\phi}$ .
, .




$\frac{|y|}{\sqrt{y_{3}^{2}+y_{4}^{2}}}.(0,0, -y_{4}, y_{3})$ ,
$w$ $=$ $( \frac{y_{1}\sqrt{y_{3}^{2}+y_{4}^{2}}}{\sqrt{y_{1}^{2}+y_{2}^{2}}},$ $\frac{y_{2}\sqrt{y_{3}^{2}+y_{4}^{2}}}{\sqrt{y_{1}^{2}+y_{2}^{2}}},$ $- \frac{y_{3}\sqrt{y_{1}^{2}+y_{2}^{2}}}{\sqrt{y_{3}^{2}+y_{4}^{2}}}-\frac{y_{4}\sqrt{y_{1}^{2}+y_{2}^{2}}}{\sqrt{y_{3}^{2}+y_{4}^{2}}})$
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. $\{y, u, v, w\}$ ( , $|y|=|u|=|v|=|w|$ .
$\hat{V}$




$\Phi$ : $E\cross S^{1}\cross Iarrow\hat{V}$ , $(y, \theta, \phi)\vdasharrow z=x(y, \theta, \phi)+iy$
$x(y, \theta, \phi)=(u\cos\theta+v\sin\theta)\sin\phi+w\cos\phi$ . {
$|x|-|y|=\langle x, y\rangle=0$ .
$[V]$ $E\cross S^{1}\cross I$ .
1 $\Phi$ , . $E\cross S^{1}\cross I$
$\omega=dy_{1}\wedge dy_{2}\wedge dy_{3}\wedge dy_{4}\wedge d\theta\wedge d\phi$ .
$\Phi$ .
$\hat{V}$ ( $1_{\mathit{1}}\backslash$ $(z_{1}, z_{2}, z_{3})$ ( $1$ , $dx_{1}\wedge dy_{1}\wedge dx_{2}\wedge dy_{2}\wedge$
$dx_{3}\wedge dy_{3}$ . $\Phi$
$\sin\phi\{(y_{3}|y|\sin\theta\sin\phi-y_{4}\sqrt{y_{1}^{2}+y_{2}^{2}}\cos\phi)^{2}(y_{3}^{2}+y_{4}^{2})^{-1}+y_{4}^{2}\}\omega$
. (Maple difforms \vee ‘ . ) $\phi\in I=]\mathrm{O},$ $\pi[$ ,
$y_{4}\neq 0$ , $\omega$ .
3
$B_{4}$ $\mathrm{R}_{t}^{4}$ , $v$ B4 $=S^{3}$ .
2 $Q_{0},$ $Q_{1}$ : $\mathrm{C}^{0}(S^{3})arrow \mathrm{C}^{\infty}(B_{4})$
$Q_{0}[v](t)$ $=$ $[V].v(y/|y|)e^{-i\langle z,t-y/|y|\rangle}$ (-2i |y $\mathrm{D}^{3}$ , $t\in B_{4}$ ,
$Q_{1}[v](t)$ $=$ $[V]$ . $\frac{v(y/|y|)}{|y|}e^{-i\langle z,t-y/|y|\rangle}$ (-2i |yD3, $t\in B_{4}$
.
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1 $f$ $y$ ,
-2i f $= \sum_{j=1}^{4}\frac{\text{ ^{}2}f}{\text{ }y_{j}^{2}}dx_{j}\wedge dy_{j}+\sum’\frac{\text{ ^{}2}f}{\text{ }y_{j}\text{ }y_{k}}(dx_{j}\wedge dy_{k}+dx_{k}\wedge dy_{j})$
. \Sigma /( $(j, k)=(1,2),$ $(1,3),$ $(1,4),$ $(2,3),$ $(2,4),$ $(3,4)$
( . [ $f(y)=|y|$ (
-2i |y| $= \sum_{j=1}^{4}(\frac{1}{|y|}-\frac{y_{j}^{2}}{|y|^{3}})dx_{j}\wedge dy_{j}-\sum’\frac{y_{j}y_{k}}{|y|^{3}}(dx_{j}\wedge dy_{k}+dx_{k}\wedge dy_{j})$
.
.
2 $E\cross S^{1}\cross I$
$\Phi^{*}(-i\langle z,t-y/|y|\rangle)$ $=$ $\langle y, t\rangle-|y|-i\langle x(y, \theta, \phi), t\rangle$ ,
\Phi *((-2i |y|)3) $=$ $\frac{6\sin\phi}{|y|}\omega$
.
1 $\langle x, y\rangle=0$ .
$\Phi^{*}$ ((-2i |y|)3) 1 .
$Q_{0}$ $Q_{1}$ $(y, \theta, \phi)\in E\cross S^{1}\cross I$ .
1 2
$Q_{0}[v](t)$ $=$ $\int_{E\cross S^{1}\cross I}e^{\langle y,t\rangle-|y|-i\langle x(y,\theta,\phi),t\rangle}\frac{6v(y/|y|)\sin\phi}{|y|}\omega$,
$Q_{1}[v](t)$ $=$ $\int_{E\cross S^{1}\cross I}e^{\langle y,t\rangle-|y|-i\langle x(y,\theta,\phi),t\rangle}\frac{6v(y/|y|)\sin\phi}{|y|^{2}}\omega$
. $\mathrm{R}^{4}\supset E$ . $q=|y|,$ $s_{j}=y_{j}/q(j=$
$1,2,3,4),$ $s=(s_{1}, s_{2}, s_{3}, s_{4})\in S^{3}\backslash \{s_{1}s_{4}=0\}$ . $d\sigma(s)$ $S^{3}$
. $\sigma(S^{3})=2\pi^{2}$ . $q$ Laplace
$Q_{0}[v](t)$ $=$ $\int_{S^{3}}d\sigma(s)\int_{I}d\phi\int_{S^{1}}d\theta\int_{0}^{\infty}6q^{2}e^{-q\{1-\langle s,t\rangle+i\langle x/q,t\rangle\}}v(s)\sin\phi dq$
$=$ $\int_{S^{3}}d\sigma(s)\int_{I}d\phi\int_{S^{1}}\frac{12v(s)\sin\phi}{\{1-\langle s,t\rangle+i\langle x/q,t\rangle\}^{3}}d\theta$,
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$Q_{1}[v](t)$ $=$ $\int_{S^{3}}d\sigma(s)\int_{I}d\phi\int_{S^{1}}d\theta\int_{0}^{\infty}6qe^{-q\{1-\langle s,t\rangle+i\langle x/q,t\rangle\}}v(s)\sin\phi dq$
$=$ $\int_{S^{3}}d\sigma(s)\int_{I}d\phi\int_{S^{1}}\frac{6v(s)\sin\phi}{\{1-\langle s,t\rangle+i\langle x/q,t\rangle\}^{2}}d\theta$
. $x=x(y, \theta, \phi)$ , $x/q$ ( $q$ ( . , $|s|=1$ ,
$|t|<1$ l– $\langle$s, $t\rangle$ $>0$ .
$a$ $=$ l– $\langle$s, $t\rangle$ $=1-s_{1}t_{1}-s_{2}t_{2}-s_{3}t_{3}-s_{4}t_{4}(>0)$ ,
$b$ $=$ $\langle u/q, t\rangle=\frac{s_{1}t_{2}-s_{2}t_{1}}{\sqrt{s_{1}^{2}+s_{2}^{2}}}$ ,
$c$ $=$ $\langle v/q, t\rangle=\frac{s_{3}t_{4}-s_{4}t_{3}}{\sqrt{s_{3}^{2}+s_{4}^{2}}}$ ,
$d$ $=$
$\langle w/q, t\rangle=\frac{(s_{1}t_{1}+s_{2}t_{2})\sqrt{s_{3}^{2}+s_{4}^{2}}}{\sqrt{s_{1}^{2}+s_{2}^{2}}}-\frac{(s_{3}t_{3}+s_{4}t_{4})\sqrt{s_{1}^{2}+s_{2}^{2}}}{\sqrt{s_{3}^{2}+s_{4}^{2}}}$
. l– $\langle$s, $t\rangle$ $+i\langle x/q, t\rangle=a+i\{(b\cos\theta+c\sin\theta)\sin\phi+d\cos\phi\}$
5
(1) $Q_{0}[v](t)$ $=$ $\int_{S^{3}}\frac{48\pi av(s)}{(a^{2}+b^{2}+c^{2}+d^{2})^{2}}d\sigma(s)$ ,
(2) $Q_{1}[v](t)$ $=$ $\int_{S^{3}}\frac{24\pi v(s)}{a^{2}+b^{2}+c^{2}+d^{2}}d\sigma(s)$
.
2 $s\in S^{3}\backslash \{s_{1}s_{4}=0\},$ $t\in B_{4}$ $(a, b, c, d)$ (
$=|s-t|$
.
$\{s, u/q, v/q, w/q\}$ $\mathrm{R}^{4}$ $\langle s, t\rangle^{2}+b^{2}+$
$c^{2}+d^{2}=|t|^{2}$ .
$a^{2}+b^{2}+c^{2}+d^{2}$ $=$ 1-2 $\langle$s, $t\rangle$ $+\langle s, t\rangle^{2}+b^{2}+c^{2}+d^{2}$
$=$ 1-2 $\langle$s, $t\rangle$ $+|t|^{2}=|s-t|^{2}$





3$Q_{0}[v](t)$ $=$ $48 \pi\int_{S^{3}}\frac{1-\langle s,t\rangle}{|s-t|^{4}}v(s)d\sigma(s)$ ,
$Q_{1}[v](t)$ $=$ $24 \pi\int_{S^{3}}\frac{1}{|s-t|^{2}}v(s)d\sigma(s)$ .
4
$B_{4}$ $v$ \S 3 .
$Q:\mathrm{C}^{0}(S^{3})arrow \mathrm{C}^{\infty}(B_{4})$
$Q[v](t)=[V]$ . $\frac{i}{6\pi^{3}}(1-\frac{1}{|y|})v(y/|y|)e^{-i\langle z,t-y/|y|\rangle}$ $($ $|y|)^{3}$ , $t\in B_{4}$
.
4 $Q$ Poisson :
$Q[v](t)= \frac{1}{2\pi^{2}}\int_{S^{3}}\frac{1-|t|^{2}}{|s-t|^{4}}v(s)d\sigma(s)$, $t\in B_{4}.\cdot$






1 $u(t)\in \mathrm{C}^{0}(\overline{B}_{4})$ $B_{4}$ , $v\in \mathrm{C}^{0}(S^{3})$ Dirichlet
, $u(t)=Q[v](t)$ $B_{4}$ . $u(t)$ $z^{2}=z_{1}^{2}+$




\S 3 5 .
3 $B$ $C$ ${\rm Re} A>0$ ,





$\int_{0}^{2\pi}\frac{d\theta}{\{A+i(B\sin\theta+C\cos\theta)\}^{3}}$ $=$ $\frac{\pi(2A^{2}-B^{2}-C^{2})}{(A^{2}+B^{2}+C^{2})^{5/2}}$ .
. $B\sin\theta+C\cos\theta$
. ,
$A$ 2, 3 . $A^{2}+B^{2}+C^{2}$
0 . 7
4 $a>0,$ $r\in \mathrm{R}$ $\delta\in \mathrm{C}$ $|{\rm Re}\delta|<a$
$\int_{-1}^{1}\frac{(2\delta^{2}+r^{2})X^{2}+4a\delta X+2a^{2}-r^{2}}{\{(\delta^{2}-r^{2})X^{2}+2a\delta X+a^{2}+r^{2}\}^{5/2}}dX$ $=$ $(a^{2}-\delta^{2}+r^{2})^{2}4a$ ,
$\int_{-1}^{1}\frac{\delta X+a}{\{(\delta^{2}-r^{2})X^{2}+2a\delta X+a^{2}+r^{2}\}^{3/2}}dX$ $=$ $a^{2}-\delta^{2}+r^{2}2$ .
$-1\leq X\leq 1$
$(\delta^{2}-r^{2})X^{2}+2a\delta X+a^{2}+r^{2}=(\delta X+a)^{2}+r^{2}(1-X^{2})$
${\rm Re}(\delta X+a)>0$ 0 .
$\delta\in]-a,$ $a[\subset \mathrm{R}$
$(\delta^{2}-r^{2})X^{2}+2a\delta X+a^{2}+r^{2}>0$
. well-defined $\delta$ .
$\delta\in$ ] $-a,$ $a$ [ . .
, 2 $a$ 1 .
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5 $a$ $r,$ $d$
$\int_{-1}^{1}\frac{(-2d^{2}+r^{2})X^{2}+4iadX+2a^{2}-r^{2}}{\{(-(d^{2}+r^{2})X^{2}+2iadX+a^{2}+r^{2}\}^{5/2}}dX$ $=$ $\frac{4a}{(a^{2}+d^{2}+r^{2})^{2}}$ ,
$\int_{-1}^{1}\frac{idX+a}{\{(-(d^{2}+r^{2})X^{2}+2iadX+a^{2}+r^{2}\}^{3/2}}dX$ $=$ $\frac{2}{a^{2}+d^{2}+r^{2}}$ .
$\delta=id$ .




$X=\cos\phi,$ $r=\sqrt{b^{2}+c^{2}}$ 5 .
5 $a$ $b,$ $c,$ $d$
$\int_{0}^{\pi}d\phi\int_{0}^{2\pi}\frac{\sin\phi}{[a+i\{(b\cos\theta+c\sin\theta)\sin\phi+d\cos\phi\}]^{3}}d\theta$ $=$ $\frac{4\pi a}{R^{4}}$ ,
$\int_{0}^{\pi}d\phi\int_{0}^{2\pi}\frac{\sin\phi}{[a+i\{(b\cos\theta+c\sin\theta)\sin\phi+d\cos\phi\}]^{2}}d\theta$ $=$ $\frac{4\pi}{R^{2}}$
. $R=\sqrt{a^{2}+b^{2}+c^{2}+d^{2}}$ .
$A=a+id\cos\phi,$ $B=b\sin\phi,$ $C=c\sin\phi$ 3 6
.
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